Mycoplasma bovis is perceived as an emerging cause of mortality in feedlot beef cattle. This study examined the lesions and infectious agents in naturally occurring M. bovis-associated bronchopneumonia and arthritis and the relationship of this condition with bovine viral diarrhea virus (BVDV) infection. Standardized pathologic, immunohistochemical, and microbiologic investigations were conducted on 99 calves that died or were euthanized within 60 days after arrival in 72 feedlots. Cranioventral bronchopneumonia with multiple foci of caseous necrosis was identified in 54 of 99 calves, including 30 with concurrent fibrinosuppurative bronchopneumonia typical of pneumonic pasteurellosis. Mycoplasma bovis was consistently identified in these lesions by culture and immunohistochemistry, but also commonly in healthy lungs and those with pneumonia of other causes. Focal lesions of coagulation necrosis, typical of pneumonic pasteurellosis, were often infected with both Mannheimia haemolytica and M. bovis. Arthritis was present in 25 of 54 (46%) calves with M. bovis pneumonia, and all calves with arthritis had pneumonia. BVDV infection was more common in calves with lesions of bacterial pneumonia than in those dying of other causes, but BVDV infection was not more common in calves with caseonecrotic bronchopneumonia than those with fibrinosuppurative bronchopneumonia. Retrospective analysis identified cases of M. bovis pneumonia in the early 1980s that had milder lesions than the current cases. The findings suggest that, in at least some calves, M. bovis induces caseonecrotic bronchopneumonia within the lesions of pneumonic pasteurellosis.
Introduction
Mycoplasma bovis is a common inhabitant of the upper and lower respiratory tract of healthy and pneumonic cattle, 3, 14, 29, 30, 32 and infection has been associated with chronic bronchopneumonia and polyarthritis. 1, 2, 7, 8, 23, 25, 28 Many strains of M. bovis are resistant to the antibiotics that are commonly used in feedlots, consistent with observations that natural disease often persists despite antibiotic therapy. 4, 31, 33 Mycoplasma bovis has the ability to undergo antigenic variation by phenotypic alteration of the immunodominant surface lipoproteins 5, 15, 26 and modulates the host immune response. 11, 35, 37, 38 In addition, M. bovis can adhere to, invade, and survive in epithelial and inflammatory cells. 1, 10, 34, 35 These characteristics can facilitate the persistence of M. bovis and the development of chronic pneumonia in the face of an immune response and prolonged antibiotic therapy.
The lesions of pneumonia associated with M. bovis infection are characterized by subacute or chronic suppurative bronchopneumonia with multiple foci of caseous necrosis, although some studies describe these nodular lesions as coagulative necrosis or abscesses. 1, 2, 7, 12, 28 Experimental infusion of M. bovis into the lung induced acute and subacute suppurative bronchiolitis, with foci of acute coagulative necrosis that were morphologically distinct from the coagulation necrosis typical of Mannheimia haemolytica infection. 17, 25, 36 Although chronic focal caseous necrosis was not commonly reported in experimental studies, calves that were euthanized at 27 rather than 14 days after experimental infection had more advanced lesions of necrosis and fibroplasia resembling the chronic lesions of naturally occurring M. bovis pneumonia. 36 Fibrinosuppurative and necrotizing arthritis and tenosynovitis have been described with natural M. bovis infection 2,28 and following experimental intra-articular 27 or pulmonary 36 inoculation. Mycoplasma bovis infection has also been associated with fibrinopurulent or caseous otitis media 18, 39 and subcutaneous decubital abscesses. 13 Bovine viral diarrhea virus (BVDV) infection can increase the prevalence or severity of bovine respiratory disease, as seen in studies of natural and experimental infections. 9, 19, 20, 24 Recent investigations in western Canadian feedlots suggested a correlation between BVDV infection and the occurrence of fatal M. bovis bronchopneumonia. 8, 28 The objectives of this study were to characterize the lesions of naturally occurring pneumonia and polyarthritis associated with M. bovis infection, to compare the occurrence of mycoplasmal pathogens and BVDV infection in cases of caseonecrotic bronchopneumonia and in calves dying of other diseases, and to investigate whether the caseonecrotic bronchopneumonia was present before its apparent emergence in the last few years.
Materials and methods
Study design and case definition. This study was based on detailed pathologic and microbiologic examination of 99 calves that died or were euthanized within 2 mo after arrival at 72 beef feedlots in Ontario, as was described previously. 6 One case was excluded because fixed tissues were not available. The focus of this study was the 54 calves with histologic lesions of caseonecrotic bronchopneumonia, arthritis, or both, but comparisons were made with calves with other pulmonary lesions or no pneumonia.
On the basis of the gross and histologic findings, cases were classified into 5 categories: caseonecrotic bronchopneumonia, fibrinosuppurative bronchopneumonia, concurrent caseonecrotic and fibrinosuppurative bronchopneumonia, uncomplicated viral pneumonia, and no pneumonia. Cases were classified as caseonecrotic bronchopneumonia if the focal lesions of caseous necrosis previously attributed to M. bovis infection were histologically apparent in the lung tissue. 2, 7, 28 Cases were categorized as fibrinosuppurative bronchopneumonia in the case of acute or chronic consolidation of the cranioventral lung resulting from filling of bronchioles and alveoli with fibrin, neutrophils, or both, and in the absence of focal caseous necrosis (indicative of M. bovis pneumonia). Many of these cases were probably caused by M. haemolytica, Histophilus somni (formerly Haemophilus somnus), or Pasteurella multocida and had foci of coagulation necrosis or necrosis of leukocytes (''oat cells''); however, the diagnosis did not depend on demonstrating necrosis of leukocytes or focal necrosis of lung tissue or on isolating a bacterial pathogen. Cases were considered to be concurrent caseonecrotic and fibrinosuppurative bronchopneumonia if they had lesions of focal caseous necrosis (M. bovis) and either focal coagulation necrosis or leukocyte necrosis with streaming of nuclear chromatin (M. haemolytica or H. somni). Uncomplicated viral pneumonia was diagnosed in calves that had necrotizing and lymphocytic bronchointerstitial pneumonia and minimal lesions of bacterial pneumonia. Inflammatory lung lesions were absent in the cases categorized with no pneumonia.
Histopathology. Histologic sections of lungs from 98 of the 99 calves 6 were evaluated to determine the presence or absence of the following lesions: bronchiolar necrosis, intrabronchiolar neutrophils, bronchiolitis fibrosa obliterans, bronchiectasis, bronchiolar syncytial cells, alveolar syncytial cells, necrosis of infiltrated leukocytes and streaming of nuclear chromatin to form oat cells, foci of coagulative necro-sis typical of M. haemolytica pneumonia, foci of caseous necrosis typical of M. bovis pneumonia, abscesses, thrombosis, fibrinous pleuritis, and pleural fibrosis. The following lung lesions were scored on a subjective grading system: lymphocytic peribronchiolar cuffing (0 ϭ normal, 1 ϭ 1-2, 2 ϭ 2-3, and 3 ϭ Ͼ3 layers of lymphocytes per bronchiole); intra-alveolar accumulation of fibrin (0 ϭ absent; 1 ϭ 20%, 2 ϭ 20%-30%, and 3 ϭ Ͼ30% of the alveolar spaces); alveolar fibrosis (0 ϭ normal, 1 ϭ mild, 2 ϭ moderate, 3 ϭ extensive alveolar fibrosis); alveolar neutrophils (0 ϭ none, 1 ϭ 1-3, 2 ϭ 3-10, 3 ϭ Ͼ10 neutrophils per alveolus on average); alveolar necrotic neutrophils (0 ϭ none, 1 ϭ Ͻ10%, 2 ϭ 10%-50%, 3 ϭ Ͼ50% of neutrophils were necrotic); hyaline membranes (0 ϭ none, 1 ϭ mild, 2 ϭ extensive); hyperplasia of type II pneumocytes (0 ϭ none, 1 ϭ mild, 2 ϭ marked); extent of foci of caseous necrosis typical of M. bovis pneumonia (0 ϭ none, 1 ϭ Ͻ10%, 2 ϭ 20%-40%, 3 ϭ Ͼ40% of the section); size of foci of caseous necrosis typical of M. bovis pneumonia (0 ϭ none, 1 ϭ Ͻ0.5, 2 ϭ 0.5-2, 3 ϭ Ͼ2 mm in diameter); and estimated age of the foci of necrosis (0 ϭ normal lung tissue; 1 ϭ Ͻ4 days, with only fibrin, leukocyte infiltration, and necrosis present; 2 ϭ 4-7 days, with a few reactive fibroblasts and early neovascularization at the periphery of the necrotic areas; 3 ϭ 8-14 days, with many fibroblasts and immature collagen deposition around the areas of necrosis; 4 ϭ Ͼ14 days, with abundant maturing fibrous tissue at the periphery of necrotic areas).
Microbiology and immunohistochemistry. Demonstration of pulmonary infection with viruses, bacteria, and mycoplasmas, including virus isolation (VI) and immunohistochemical staining (IHC) for detection of BVDV infection was attempted in all 99 cases as described previously. 6 Mycoplasma bovis antibody titers were determined in joint fluid from 98 of 99 calves by way of a passive hemagglutination (PHA) test. 6 Immunohistochemistry for M. bovis antigen was performed as previously described 6 on 4-5 sections of lung from which M. bovis was isolated, with each of the following histologic findings: well-developed caseonecrotic lesions, mild or early caseonecrotic lesions, acute fibrinosuppurative bronchopneumonia, chronic suppurative bronchopneumonia with no or few caseonecrotic lesions, concurrent caseonecrotic and fibrinosuppurative bronchopneumonia, and no pneumonia. Selected sections from 9 cases containing caseonecrotic lesions typical of those associated with M. bovis were stained with Brown and Hopps tissue Gram stain.
Immunohistochemistry for M. haemolytica and M. bovis was performed on 2 cases by Prairie Diagnostic Services (Saskatoon, Saskatchewan, Canada). 9 To confirm the presence of M. bovis infection, the area of coagulation necrosis in 1 section was harvested by laser capture microdissection. 21 DNA was extracted and identified by polymerase chain reaction (PCR) with the use of M. bovis-specific primers. 22 The PCR assay was performed by Prairie Diagnostic Services.
Retrospective investigation. To evaluate whether M. bovis pneumonia is truly an emerging disease, the archive of Ontario Veterinary College necropsy submissions was searched to identify all cases of pneumonia in calves less than 2 yr Statistical analysis. The Wilcoxon signed rank test was employed to determine the difference in chronicity between lesions of caseonecrotic bronchopneumonia and fibrinosuppurative bronchopneumonia within the same lung by GraphPad Prism. a The frequency of BVDV infection in the various disease categories was analyzed by a 2-way 2 by k (k ϭ types of pneumonia) contingency test, followed by testing for trends and contrasts by multiple logistical regression analyses. The confounding effect of days in the feedlot was analyzed by logistic regression. Data are expressed as x Ϯ standard error of the mean (SEM) unless otherwise indicated.
Results

Pathologic findings
Pneumonia. Lesions of bronchopneumonia were identified in 82 of 98 calves, and caseonecrotic bronchopneumonia was identified in 54 calves. Concurrent lesions of fibrinosuppurative bronchopneumonia (typical of pneumonic pasteurellosis) were present in 30 of 54 calves with caseonecrotic bronchopneumonia, of which 15 were acute and 15 were chronic on the basis of gross and histologic findings.
The lungs affected by caseonecrotic bronchopneumonia (considered typical of M. bovis pneumonia) had chronic fibrinosuppurative lesions with numerous foci of caseous necrosis affecting the cranioventral regions and involving 10%-90% (mean 60%) of the lungs (Fig. 1 ). The affected areas of lung were deep red and consolidated with numerous white nodules that protruded above the pleural surface. There was accumulation of fibrin on the pleural surface in 19 of 53 (36%) cases and pleural fibrosis with adhesions were present in 29 of 53 (55%) cases. On section, the caseous nod-ules usually ranged from 0.5 to 2 cm in diameter but were occasionally up to 15 cm diameter. These nodules contained white-yellow, dry, friable, caseous material, often encircled by fibrous tissue (Fig. 2 ). This appearance contrasted with the foci of coagulation necrosis in cases of M. haemolytica pneumonia, which were irregularly shaped and red-tan, delineated by a white rim, were not friable, and did not bulge from the cut or pleural surfaces ( Fig. 3 ). Pulmonary parenchyma between these caseous foci was dark red, rubbery, and atelectatic. Occasional cases had 1 or more sequestra, which consisted of a central area of necrotic pulmonary tissue surrounded by red-brown fluid exudate enclosed in a fibrous capsule that separated the sequestrum from the viable lung tissue. These sequestra ranged from 3 cm in diameter to lesions that occupied the entire lung lobe (Fig. 4) .
The bronchial and mediastinal lymph nodes were enlarged in many cases of caseonecrotic bronchopneumonia. Similar foci of caseous necrosis were occasionally present in the bronchial and mediastinal lymph nodes; in esophageal, tracheal, and laryngeal submucosa; or within the papillary muscle of the heart.
Histologically, the milder and probably earliest histologic lesions of caseonecrotic bronchopneumonia affected primarily the smaller bronchioles, with accumulation of necrotic leukocytes in the bronchiolar lumen ( Fig. 5 ). These necrotic cells had intact cellular outlines, homogeneously eosinophilic cytoplasm, and lysed or pyknotic nuclei. Neutrophils and macrophages were recognizable at the periphery of the necrotic material, adjacent to intact bronchiolar epithelium. In some bronchioles, the epithelium was discontinuous, and necrotic epithelial cells sloughed into the lumen. The bronchiolar walls were thickened by edema and infiltrates of lymphocytes with fewer neutrophils and macrophages. Similar foci of caseous necrosis that contained recognizable necrotic leukocytes were occasionally present in the alveoli or the interlobular septa.
The larger and presumably more chronic foci of caseous necrosis typically occupied 20%-50% of the histologic section of lung. Some of these foci contained remnants of bronchiolar epithelium and cartilage, implying an origin from bronchioles or small bronchi. However, the site of origin of many such foci could not be determined. These foci of caseous necrosis were composed of amorphous, intensely acidophilic debris and numerous coagulated necrotic leukocytes, with a thin layer of both viable and necrotic macrophages and neutrophils at the periphery (Figs. 6, 7). These areas of necrosis were encircled by macrophages, lymphocytes, plasma cells, fewer neutrophils, and frequently by peripheral zones of fibrosis. In contrast, the foci of coagulation necrosis in cases of M. haemolytica pneumonia were surrounded by a band of necrotic leukocytes with streaming chromatin (oat cells), and the outlines of the alveoli remained visible within the areas of necrosis (Figs. 8, 9) . Nevertheless, overlap occurred between the lesions of coagulative and caseous necrosis, as islands of pulmonary parenchyma that had undergone coagulation necrosis (as is typical of the lesions of M. haemolytica) remained in the centers of some foci of caseous necrosis. Mineralization was identified in the center of the caseous foci in some cases. The parenchyma between these foci of caseous necrosis was atelectatic, and the alveolar spaces were filled with many macrophages; fewer neutrophils, lymphocytes, and multinucleated cells; and scant fibrin and protein-rich fluid. In some cases, the alveolar septa were thickened by fibrous tissue, proliferation of type II pneumocytes, or both.
A semiquantitative histologic grading scheme was applied to the lung lesions in 85 calves with pneumonia. Chronic lung lesions were more frequently associated with caseonecrotic bronchopneumonia than with fibrinosuppurative bronchopneumonia, including bronchiectasis (median 52% vs. 4%), bronchiolitis fibrosa obliterans (median 52% vs. 21%), alveolar fibrosis (mean score 1.4 vs. 0.3), and pleural fibrosis (median 48% vs. 15%). In contrast, acute lesions were more frequently encountered in lungs with fibrinosuppurative bronchopneumonia than those with caseonecrotic bronchopneumonia, including fibrinous pleuritis (median 54% vs. 9%), alveolar septal thrombosis (median 68% vs. 9%), and alveolar fibrin exudation (mean score 2.6 vs. 1.6).
In 30 lungs with concurrent caseonecrotic and fibrinosuppurative bronchopneumonia, the estimated age of the caseonecrotic lesions of M. bovis pneumonia was compared with those of fibrinosuppurative bronchopneumonia. The mean age score of the caseonecrotic lesions was significantly higher than that for foci of coagulation necrosis typical of M. haemolytica pneumonia (3.0 Ϯ 1.2 vs. 1.3 Ϯ 1.1; P Ͻ 0.001, Wilcoxon signed rank test), implying that the lesions of M. bovis pneumonia were older than those of M. haemolytica pneumonia in lungs with both lesions.
Necrosis of bronchiolar epithelium was identified in 78% of cases of caseonecrotic bronchopneumonia and 46% of cases of fibrinosuppurative bronchopneumonia. Greater peribronchiolar accumulations of lympho-cytes (median score 2, representing 2-3 layers of lymphocytes) were present in lungs with caseonecrotic bronchopneumonia than in lungs with fibrinosuppurative bronchopneumonia (which had only occasional peribronchiolar lymphocytes). In the alveolar parenchyma between the areas of necrosis, lungs with caseonecrotic bronchopneumonia had fewer intra-alveolar neutrophils (median score 2, representing 3-10 neutrophils per alveolus) than lungs with fibrinosuppurative bronchopneumonia (median score 3, representing Ͼ10 neutrophils per alveolus), but intra-alveolar macrophages and lymphocytes were more common in cases of caseonecrotic bronchopneumonia than with fibrinosuppurative bronchopneumonia. Furthermore, a higher percentage of intra-alveolar neutrophils were necrotic in lungs with fibrinosuppurative bronchopneumonia (median score 2, for which 10%-50% of cells are necrotic) than in lungs with caseonecrotic bronchopneumonia (median score 1, for which Ͻ10% of cells are necrotic). Most inflammatory cells were necrotic within the foci of necrosis typical of both fibrinosuppurative bronchopneumonia and caseonecrotic bronchopneumonia.
Arthritis. Twenty-nine calves had gross or histologic or both types of lesions of arthritis. All of these also had bronchopneumonia, represented by caseonecrotic bronchopneumonia in 25 of 29 (86%) and fibrinosuppurative bronchopneumonia in 4 of 29 (15%) cases. Lesions of arthritis were present in 25 of 54 (46%) calves with lesions of caseonecrotic bronchopneumonia, in contrast to 4 of 45 (9%) calves that did not have caseonecrotic bronchopneumonia. The shoulder, elbow, carpal, hip, stifle, and hock joints were commonly affected. The gross lesions were highly variable. Less severely affected joints were normal on external inspection but had excessive accumulation of turbid synovial fluid that contained a few 5-15-mm clumps or strands of white fibrin. More severely affected joints were enlarged and contained abundant yellow-white fibrin or caseous material or both, erosion of the articular cartilage, hyperplasia of the synovium, and thickening of the joint capsule (Fig. 10) . The periarticular tissues were edematous and often contained yellow gelatinous fluid that extended along the tendon sheaths and intermuscular fascia. The most severely affected joints had multiple foci of caseous necrosis similar to those described in the lungs, affecting the periarticular soft tissue, tendon sheaths, and skeletal muscle ( Fig. 11 ). Mycoplasma bovis antigen was identified in these foci by IHC. The regional lymph nodes were enlarged, diffusely white, and edematous.
Microscopically, fibrin admixed with many neutrophils was adherent to the synovium, which had areas of hyperplasia alternating with areas of necrosis or denudation of synoviocytes. The subsynovial stroma had marked edema; infiltration of many neutrophils, macrophages, lymphocytes, and plasma cells; lymphoid follicle formation; and prominent fibroblast hyperplasia. Areas of caseous necrosis and fibrin exudation were variably present. Similar changes affected the tendon sheaths and periarticular tissues, with foci of caseous necrosis similar to those described in lungs with caseonecrotic bronchopneumonia.
Microbiologic findings
Mycoplasma bovis was isolated from 53 of 54 (98%) cases with caseonecrotic bronchopneumonia; 1 case with caseonecrotic bronchopneumonia had only Mycoplasma arginini isolated (Table 1) . Mycoplasma bovis was also frequently isolated from lungs with fibrinosuppurative bronchopneumonia alone (23/28 cases, 82%), and from normal lungs (6/13 cases, 46%). Mycoplasma arginini was isolated from 72 of 99 cases, including 70 (85%) of the 82 cases from which M. bovis was isolated. Ureaplasma diversum and Mycoplasma bovirhinis were less commonly isolated (Table  1) .
Mannheimia haemolytica, P. multocida, H. somni, and Arcanobacterium pyogenes were isolated from 19 (35%), 11 (20%), 9 (17%), and 14 (26%) cases, respectively, of the 54 cases with lesions of caseonecrotic bronchopneumonia. One or more of M. hae- 0 (0%) 0 (0%) 0 (0%) 1 (25%) 6 (46%) 6 (46%) 0 (0%) 0 (0%) (Table 2) . Mycoplasma bovis was not isolated from joints of 7 of 28 calves with arthritis, but 5 of these had antibodies to M. bovis in synovial fluid. All 36 cases with M. bovis infection of the joints had associated lesions of pneumonia, represented by caseonecrotic bronchopneumonia in 15 of 36 (42%), concurrent caseonecrotic and fibrinosuppurative bronchopneumonia in 16 of 36 (44%), and fibrinosuppurative bronchopneumonia in 5 of 36 (14%) calves. Mycoplasma arginini was isolated from joints of 20 of 98 calves, of which 11 of 20 (55%) had lesions of arthritis. No other mycoplasmas were isolated from the joints.
Antibody to M. bovis was detected by the PHA test in joint fluid of 25 of 28 (89%) cases with arthritis and 31 of 70 (44%) cases without lesions of arthritis (Table 3 ). Of 31 calves with M. bovis antibodies in synovial fluid but no arthritic lesions, the lungs revealed caseonecrotic bronchopneumonia in 17 (55%), fibrinosuppurative bronchopneumonia in 8 (26%), uncomplicated viral pneumonia in 1 (3%), and no lesions of pneumonia in 5 (16%) cases. With an antibody titer of 1:80 as the cutoff point, there was fair agreement between the PHA test and isolation of M. bovis (kappa ϭ 0.37), with a relative sensitivity of 89% and relative specificity of 56%, with M. bovis isolation as the gold standard. As the cutoff points for the PHA test increased to 1:160, 1:320, 1:640, and 1:1,280, the relative specificity of the PHA test increased proportionally to 64%, 66%, 70%, and 77%, respectively, but the relative sensitivity decreased to 82%, 79%, 64%, and 57%, respectively. Bacterial culture of joint swabs was attempted in 14 cases with gross lesions of arthritis and identified Escherichia coli in 3, M. haemolytica in 2, and Pseudomonas aeruginosa in 1 case. Histophilus somni was not isolated from any of the joints. Mycoplasma bovis was isolated from the joints of 11 of these 14 cases (79%).
Mycoplasmas were isolated from tympanic bullae of 67 of 99 calves, including M. bovis in 52, M. arginini in 44, U. diversum in 4, and M. bovirhinis in 5 cases. Mycoplasma bovis was isolated from the bullae of 3 of 7 (43%) calves with otitis media and 49 of 92 (53%) calves without evidence of otitis media. 
Immunohistochemistry
Mycoplasma bovis antigen was identified in the foci of caseous necrosis amid caseous debris in bronchioles and alveoli and associated with leukocytes in alveoli. Antigen was identified in foci of caseous necrosis in 14 of 14 cases that had this lesion, most prominently at the periphery of the necrotic tissue where it was free amid the necrotic debris and within the cytoplasm of leukocytes. When islands of coagulation necrosis were present in the center of larger foci of caseous necrosis, M. bovis antigen was often distributed at the interface between the coagulative and caseous lesions and at the periphery of the caseous foci. In bronchioles containing caseous debris, antigen was present within the debris and adjacent to but not within bronchiolar epithelial cells. In the cases of fibrinosuppurative bronchopneumonia, M. bovis antigen was detected in the cytoplasm of necrotic neutrophils and macrophages (oat cells) that filled the alveoli, was less commonly associated with viable neutrophils, and was occasionally free within the alveolar fluid. Mycoplasma bovis antigen was identified in tracheal sections from 3 of 8 cases with chronic severe caseonecrotic bronchopneumonia, located among the cilia at the apical surface of the tracheal epithelium and within the exudate in the lumen. Staining for M. bovis antigen was not visible in the lung sections from 5 cases that did not have pneumonia, although M. bovis had been isolated from each of these cases.
Mycoplasma bovis antigen was identified in 45 of 53 (85%) foci of coagulation necrosis that were considered typical of M. haemolytica pneumonia and was located both within and at the periphery of these foci. The presence of M. bovis nucleic acid in a microdissected sample of these foci of coagulation necrosis was confirmed by PCR assay. Mannheimia haemolytica antigen was also identified in these foci by IHC, and gram-negative bacteria were visible on the Brown and Hopps-stained sections.
Pneumonia and BVDV infection
BVDV infection was demonstrated in 35 of 99 calves by VI, IHC, or both. An additional 14 cases had lesions of necrotizing, lymphocytic, or both types of arteritis consistent with that caused by BVDV, 16, 28 but the virus was not identified by VI or IHC (Table 4 ). BVDV infection was significantly more frequent in calves with lesions of bacterial bronchopneumonia (caseonecrotic bronchopneumonia, fibrinosuppurative bronchopneumonia, or both) than in calves without lesions of pneumonia (P ϭ 0.007). BVDV infection was more frequently associated with fibrinosuppurative bronchopneumonia than with caseonecrotic bronchopneumonia (P ϭ 0.006), uncomplicated viral pneumonia (P ϭ 0.002), or no pneumonia (P ϭ 0.004). In contrast, lesions of BVD-like arteritis without detectable BVDV infection were significantly more frequent in calves with caseonecrotic bronchopneumonia than calves with fibrinosuppurative bronchopneumonia (P ϭ 0.003) and were also significantly more frequent in calves that had concurrent caseonecrotic bronchopneumonia and fibrinosuppurative bronchopneumonia than in calves with fibrinosuppurative bronchopneumonia alone (P ϭ 0.038). Finally, when calves with either BVDV infection (35 cases) or with BVD-like arteritis without detectable BVDV infection (14 cases) were considered together, there was no significant association with either caseonecrotic bronchopneumonia or fibrinosuppurative bronchopneumonia (P ϭ 0.585). However, BVDV infection, arteritis, or both were significantly more frequent in calves that had lesions of bacterial bronchopneumonia (caseonecrotic broncho-pneumonia, fibrinosuppurative bronchopneumonia, or both) than in calves without any lesions of pneumonia (P ϭ 0.017).
The interval from entry into the feedlot to death was significantly shorter (P ϭ 0.002) in calves with lesions of fibrinosuppurative bronchopneumonia than those with caseonecrotic bronchopneumonia (25 Ϯ 17 vs. 44 Ϯ 19 days postarrival). The interval from entry into the feedlot to death was shorter in calves with detectable BVDV infection (median 21 days) compared with those that had lesions of arteritis without detectable BVDV infection (median 42 days). Thus, we investigated the possible confounding effect of time in the feedlot on the apparent association between BVDV infection and M. bovis pneumonia. When the days in feedlot from arrival to death were included in the analysis as a covariate, BVDV infection remained more prevalent in calves with bacterial pneumonia than in calves with either no pneumonia or viral pneumonia (P Ͻ 0.0001, odds ratio Ͼ20). However, the prevalence of BVDV infection was not different in calves with caseonecrotic bronchopneumonia compared with those with fibrinosuppurative bronchopneumonia (P ϭ 0.16). Similar findings were identified for the variable ''BVDV infection and/or arteritis.'' The variable ''arteritis without detectable BVDV infection'' could not be adequately assessed by this statistical method.
Retrospective investigation
Thirty-four cases of pneumonia affecting young calves were identified from November 1979 to January 1982. Histologic evaluation of the lung in these archival specimens revealed foci of caseous necrosis typical of M. bovis in 7 of 34 (20%) cases, and M. bovis antigen was detected at the periphery of the necrotic foci in 2 of 2 cases examined by IHC. Foci of necrosis, abscessation, or bronchiectasis affecting only the cranioventral lung lobes were described in the necropsy reports from 4 of these cases, and the histologic lesions occupied 5%-40% of the most severely affected sections. In the other 3 cases, multifocal lesions were not described in the necropsy report, and the foci of necrosis affected less than 10% of the most severely affected histologic sections.
Discussion
The aim of this study was to investigate the morphologic features and microbiologic findings in cases of M. bovis-associated pneumonia and arthritis in feedlot cattle and to better understand the pathogenesis of this emerging condition. In this study, the disease was defined on the basis of its unique pathologic features; namely, the presence of multifocal nodules of caseous necrosis within lesions of cranioventral bronchopneumonia. The diagnosis did not necessarily de-pend on the microbiologic findings because the objective was to compare the microbiologic findings in calves with caseonecrotic bronchopneumonia and in calves with other pulmonary lesions. However, the IHC findings and the mycoplasma isolation results revealed that M. bovis was consistently associated with these lesions. Similarly, the above-described studies of the naturally occurring and experimentally induced disease provide strong support for M. bovis as a cause of this lesion, although they do not conclusively rule out the possibility that copathogens might be important in development of severe disease.
The gross and histologic lesions attributed to M. bovis infection were distinct from the fibrinosuppurative bronchopneumonia with coagulative necrosis that is typical of M. haemolytica or H. somni infection, and from undifferentiated chronic purulent bronchopneumonia with abscessation. Grossly, the raised, white, circular, friable foci of caseous necrosis typical of M. bovis pneumonia differed from the nonraised, red or pink, irregularly shaped, nonfriable foci of coagulative necrosis typical of M. haemolytica or H. somni. Furthermore, these caseonecrotic lesions lacked the liquid purulent material seen in lung abscesses within lesions of chronic undifferentiated bacterial bronchopneumonia. The distinction was also noted histologically. The foci of caseous necrosis in cases of M. bovis pneumonia were composed of granular, intensely eosinophilic material containing ghostlike necrotic leukocytes, whereas the foci of coagulation necrosis typical of M. haemolytica retained the outlines of the pulmonary architecture and were surrounded by an intensely basophilic band of necrotic leukocytes containing streaming chromatin. Abscesses had mainly neutrophils at the periphery of the liquefied material, whereas macrophages and lymphocytes were predominant at the margins of the M. bovis lesions. Nevertheless, there was overlap between these lesions, as some foci of caseous necrosis typical of M. bovis contained numerous neutrophils at the margins, others had islands of coagulative necrosis surrounded by caseous debris, and many cases had separate lesions characteristic of both M. bovis and M. haemolytica infection.
Bronchiectasis, peribronchiolar cuffing of mononuclear cells, bronchiolitis fibrosa obliterans, and bronchiolar necrosis were more commonly associated with caseonecrotic bronchopneumonia than with fibrinosuppurative bronchopneumonia. In contrast, the cases of fibrinosuppurative bronchopneumonia had a higher number of viable and necrotic neutrophils, more abundant intra-alveolar and pleural fibrin, and more frequent fibrinous pleuritis and alveolar septal thrombosis than lungs with caseonecrotic bronchopneumonia. These differences probably reflect the more chronic nature of the M. bovis lesions. The pattern of histo-logic lesions associated with M. bovis pneumonia suggests that foci of caseous necrosis can originate in bronchioles, alveoli, or interlobular septa.
Mycoplasma bovis antigen was frequently associated with leukocytes at the margins of the foci of necrosis, suggesting either that it has been phagocytosed by these cells or that M. bovis proliferates in the presence of necrotic leukocytes. The lesion of caseous necrosis implies that the leukocytes are killed by this process, although previous in vitro studies do not indicate that M. bovis directly kills neutrophils or macrophages. 10, 35 Thus, the pathogenesis of the leukocyte necrosis in this lesion remains an enigma.
Mycoplasma bovis was identified by isolation and IHC in 98% and 100%, respectively, of lungs that had the characteristic nodular lesions of caseous necrosis, supporting the strong association of M. bovis infection with this lesion. However, M. bovis was also isolated from 82% of calves with M. haemolytica-like lesions of coagulation necrosis alone, and from 46% of calves with no pneumonia. Thus, the isolation of M. bovis is not specific, and the diagnosis of M. bovis pneumonia requires that the infection is associated with foci of caseous necrosis in areas of cranioventral bronchopneumonia.
Mycoplasma arginini was also isolated from lungs of 94% of calves with caseonecrotic bronchopneumonia, suggesting that this species might act as a copathogen in the development of these lesions. Mycoplasma bovirhinis and U. diversum were isolated only occasionally, implying that they are not significant pathogens in causing the disease.
Lesions of caseonecrotic bronchopneumonia were commonly associated with fibrinosuppurative bronchopneumonia in this study, with concurrent lesions in 30 of 98 cases. In these calves, the histologic lesions of caseonecrotic bronchopneumonia appeared significantly more chronic than those of fibrinosuppurative bronchopneumonia. This suggests that in calves with chronic caseonecrotic bronchopneumonia, additional acute lesions of bronchopneumonia with coagulative necrosis develop in the previously normal areas of lung. Exacerbation of clinical signs by these additional acute lesions could have been the ''last straw'' that precipitated death or euthanasia of these calves with chronic caseonecrotic bronchopneumonia. It remains speculative whether these recently developed foci of coagulative necrosis would eventually undergo caseous necrosis and peripheral fibrosis.
The frequent association of lesions of M. bovis infection with those of M. haemolytica, H. somni, or P. multocida, singly or in combination, suggests synergism between these pathogens. We hypothesize that lesions of M. bovis pneumonia can develop from those of fibrinosuppurative bronchopneumonia on the basis of previous studies 1, [6] [7] [8] 25, 28 and the following observations. First, the early stages of both conditions seem to be clinically indistinguishable. Second, the onset of both diseases occurred at a similar time, 15-19 days after introduction into the feedlot. Third, the interval between first treatment and death was longer in cases of M. bovis pneumonia. Fourth, some caseonecrotic foci retained a central core of coagulation necrosis, whereas the periphery of the necrotic area had undergone caseous necrosis. Fifth, by IHC, M. bovis and M. haemolytica were identified concurrently in the lesions of focal coagulative necrosis typical of that caused by M. haemolytica. To preclude the possibility of erroneous immunohistochemical identification, the presence of M. bovis in these lesions was confirmed by PCR on microdissected samples and by IHC at a different laboratory.
On the basis of these findings, we propose that M. bovis might colonize and perpetuate the lung lesions that were initiated by M. haemolytica, H. somni, or P. multocida, alone or in combination, even if infection with these Pasteurellaceae are cured by early antibiotic therapy and the host immunoinflammatory response. If this occurs, then M. bovis infection might persist because many strains are resistant to the antibiotics commonly used to treat pneumonia in feedlot cattle 4, 31, 33 and because the variability of the immunodominant surface lipoproteins could allow evasion of the immune response. 15 Thus, although M. bovis commonly colonizes normal bovine lungs without ill effect, it might be able to proliferate and express virulence genes within the lesions of fibrinosuppurative bronchopneumonia, leading to a self-perpetuating, antibiotic-resistant, chronic disease. Additional investigations are required to confirm these hypotheses. However, if true, this implies that methods for prevention or early identification and treatment of calves with shipping fever pneumonia (caused by M. haemolytica and other Pasteurellaceae) might be the most rational method of preventing chronic M. bovis pneumonia.
Lesions of M. bovis-associated arthritis and tenosynovitis were similar to those described with natural infection 1 or following experimental intra-articular 27 or pulmonary infection. 36 In this study, 47% of calves with M. bovis pneumonia had arthritis, comparable with that previously reported. 8, 23, 28 Arthritis was only identified in calves with lesions of pneumonia, suggesting that calves develop arthritis and tenosynovitis secondary to hematogenous spread of M. bovis from the lung lesions. Mycoplasma bovis was isolated from 75% of arthritic joints but was also identified in the joints of 21% of cases without arthritis. These findings imply that M. bovis caused the arthritis in many of these cases but that this pathogen can be isolated from normal joints and presumably from those with arthritis of other causes.
Mycoplasma bovis-associated otitis media, which has been reported in beef feedlots 18 and dairy calves, 39 was not a common finding in this study. Although mycoplasmas were isolated from tympanic bullae in 67 of 99 calves, only 7 of 99 had gross lesions of otitis media, and M. bovis was only isolated from the bullae of 3 of 7 calves with otitis media. Lesions of otitis media were more frequently associated with acute bronchopneumonia caused by M. haemolytica than with M. bovis pneumonia. Thus, mycoplasmas were commonly isolated from the middle ear in the absence of gross lesions, and M. bovis was only one of several agents found in cases of otitis media in beef calves of this age.
BVDV infection had a higher prevalence in calves that had lesions of bacterial pneumonia (fibrinosuppurative bronchopneumonia, caseonecrotic bronchopneumonia) than in calves with lesions of viral pneumonia or with no pneumonia. These findings, in keeping with other studies, 9, 20 imply that BVDV either predisposes development of bacterial pneumonia or makes it more likely that calves with bacterial pneumonia will die of the disease and suggest that controlling BVDV infection could reduce mortality from respiratory disease in feedlot cattle.
Detectable BVDV infection-by VI, IHC, or bothwas significantly more frequent in calves with fibrinosuppurative bronchopneumonia than in calves with caseonecrotic bronchopneumonia, whereas lesions of BVD-like lymphocytic necrotizing arteritis without detectable BVDV infection were at higher frequency in calves with caseonecrotic bronchopneumonia than in those with fibrinosuppurative bronchopneumonia alone. When these 2 indicators of putative BVDV infection were combined, prevalence between the M. bovis and fibrinosuppurative bronchopneumonia groups were not different. Importantly, when time since arrival in the feedlot was included in the analysis, the prevalence of BVDV infection was not different in calves with fibrinosuppurative bronchopneumonia compared with those with caseonecrotic bronchopneumonia. We conclude that BVDV infection is more common in calves that die of bacterial pneumonia than in those that die of other causes, but that BVDV infection does not preferentially predispose to M. bovis pneumonia as has been previously suggested. 28 The retrospective study indicates that M. bovis pneumonia is not a new condition but occurred in Ontario in the early 1980s. These earlier cases were incorrectly diagnosed as abscesses or mistaken for the focal necrosis seen in the lesions of M. haemolytica pneumonia. The mycoplasmal lesions appeared to be more prevalent and severe in contemporary cases, although this was not specifically addressed in this study.
Mycoplasma bovis was consistently identified by culture and by IHC within foci of caseous necrosis in areas of cranioventral bronchopneumonia in feedlot beef cattle. Mycoplasma bovis was also commonly isolated from healthy lungs and those with pneumonia of other causes. Mycoplasma bovis was frequently isolated from calves with arthritis, and all arthritic calves in this study had bronchopneumonia, supporting a pulmonary origin of the joint infection. The prevalence of BVDV infection was higher in calves that died with lesions of bacterial bronchopneumonia than in those dying of other causes, but BVDV infection was not more common in calves with M. bovis pneumonia than those with fibrinosuppurative bronchopneumonia.
